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It has been recognized that bile plays
an important role in determining host
specificity of intestinal parasites (Smyth
1962 ; Smyth & Haslewood, 1963). However,
littleis known of the possible function of
bile onthe growth and survival of cestodes
in the final host. Except for the works of
some investigators, such as on the depress-
ing growth of Hymenolepis diminuta in bile-
less rats (Goodchild, 1958, 1960), and on
the successful cultivation of Spirometra man-
sonoides (Berntzen & Mueller, 1964) and
Taenia crassiceps (Taylor, 1963) in wvitro,
the problems on this point have received
a little attention, and additional works are
expected.

The present study was undertaken to know
the responsibility of bile for the growth of
plerocercoids and for the survival of adult
Diphyllobothrium erinacei in the final host
(dog). Surgical biliary obstruction was
applied as a possible means, and details
are reported in this paper.

Materials and Methods

Plerocercoids were obtained from snakes
(Elaphe quadrivirgata) or from mice which
had been thriven with plerocercoids 40 to
60 days before use.

Both sexes of mongrel dogs, weighing 7
to 11 kg, were used as host. In order to
prevent bile from mixing with the contents
of intestine of dogs, the common bile duct
was ligated and separated at the intramural
portion under pentobarbital (Nembtal) anes-
thesia (Kimoto, 1967). After operation,

animals (bileless dogs) were kept in the
isolated cages and were given dog food in
pellet form (Oriental) once daily and water
ad libitum. The fecal examination on each
dog was performed by means of both thin
smear and brine floatation methods.

At autopsy, worms recovered from the
intestine of dogs were transferred to phys-
iological salt solution to survey their
activity, and were subsequently fixed in
10% formalin stained with Mayer’s borax
carmine for microscopical examination.

Results

All of bile duct-ligated dogs had a
slightly poor appetite, became dullness and
developed jaundice.

At autopsy, viscera was yellowish in
colour, and both gall bladder and ligated
bile duct distended and congested with
approximately 30 to 50 ml of thickened bile.

Experiment 1. Growth of plerocercoids in
bileless dogs.

Results obtained are shown in Table 1.

Ten out of 12 dogs were ligated their
bile duct, and were challenged with 30
plerocercoids on the 5th day after opera-
tion. While, 2 intact dogs were also infected
with the same number of plerocercoids and
were served as control.

Five out of 10 bileless dogs and 1 out of
2 control dogs were sacrificed on the 3rd
day after plerocercoid ingestion (Group 1).
At autopsy, 1 (3.3%), 1 (3.3%), 8 (26.7%),
10 (33.3%), 13 (43.3%) worms were recovered
from the duodenum or from the jejunum of
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Table 1 Growth of D. erinacei plerocercoids in bileless dogs

Time at

Bile duct No. of No. of worms
Group ligation and ap‘ig?_gzgrgggr plerocercoid recovered
No. of dog ingestion (day) ingested (per cent)
Done 5 3 o 30 1( 3.3), 1(3.33),8(26.7)
1 10(33.3),13(43.3)
Control 1 3 30 29(96.7)
9 Done 5 6 30 0,0,0,0,0
Control 1 6 30 28(93.3)
Table 2 Survival of adult D. erinacei in bileless dogs
. No. of Duration of egg No. of worms
m?rgger %;leagggt plerocercoid production after recovered at
g ingested operation (day) autopsy
1 Done 20 4 - 0 -
2 Done 20 2 0
3 Done 20 4 0
4 Done 20 5 0
Control None 20 — 16 (80%)

5 bileless dogs. Average length of the worms
was 2.6 mm. All worms had well-developed
scolex and the strobila with no charac-
teristic structure. While, in a control dog
29 (96.7%) worms with segment-like furrows
on the strobila, 11.4 mm in average length,
were found.

The remaining 6 dogs were sacrificed on
the 6th day after ingestion (Group 2). At
autopsy, no worms were recovered from 5
bileless dogs. While, in a control dog 28
(93.3%) young worms, 187.3 mm in average
length, were recovered.

Experiment 2. Survival of previously in-
fected adult worms in bileless dogs.

Result obtained are summarized in Table 2.

Twenty plerocerocoids were previously
administered to each of 5 dogs. On the 9th,
10th or 11th day after ingestion, eggs of
the worm were found in the feces of the
dog. On the 3rd day after the beginning
of egg production, 4 out of 5 dogs were
ligated the bile duct as described above.
The eggs in the stools became disappeared
on the 2nd, 4th, 4th and 5th day after
operation. Two out of 4 dogs were killed
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on the 8th day and the remainings on the
10th day after operation. No worms were
recovered from these 4 dogs. When a
intact dog was sacrificed on the 10th day
after ingestion, 16 (80%) adult worms were
harbored.

Discussion

The present investigation demonstrated
that plerocercoids of Diphyllobothrium er:-
nace: could not develop to its mature stage
in bileless dogs. A number of plerocercoids
were found to survive for 3 days in the
intestine of dogs, but no worms were
recovered from dogs sacrificed 6 days after
ingestion. Adult worms, previously esta-
blished in the dog, could not maintain their
egg production for more than 5 days after
biliary obstruction. These worms seemed
to die out immediately after operation.
Absence of bile exerts, therefore, profound
effect upon growth and survival of this
species.

- Goodchild (1958) indicated that in bileless
rats no tapeworms became established on
feeding cysticercoids of Hymenolepis dimi-



nuta to the host, and growth and sexual
maturation of implanted adult worms was
atypical. His works have been questioned
on the grounds that the worms may be
affected by the secondary actions attribu-
table to the absence of bile rather than
due to the removal of direct action of bile
alone (Rothman, 1959; Smyth & Hasle-
wood, 1963). In fact, bile salts inhibit the
metabolism of this worm (Rothman, 1958),
and cysticercoids can develop to adult
worms in vitro in complete absence of bile
(Berntzen, 1961; Schiller, 1965). Ginger
and Fairbirn (1966) suggested that the
absence of bile might remove the essential
dietary fatty acids of parasites. With
regard to the present work, also, it cannot
be doubted that the biliary obstruction
upset the normal physiology of the intestine
of dogs, and such still undefined abnor-
malities might have a ill-effect upon growth
and survival of the worm.

It is noteworthy that a number of plero-
cercoids were able to survive at least for
3 days of infection in bileless dogs. The
metamorphosis of worms during this
survival period seemed to follow the normal
pattern of development in an intact dog
(Iwata, 1933 ; Takahashi, 1959a), although the
growth of worms in bileless dogs was
inferior to that in normal ones. These
findings are in conflict with the result
reported by Berntzen & Mueller (1964),
who described that in Spirometra man-
sonoides, closely related to D. erinacei, the
first step of growth consists in the perma-
nent eversion of larval scoleces which was
able to be produced in vitro using ‘‘evagina-
tion solution’”, in that the sodium tauro-
cholate or cat bile was to be essential. It
is also interesting to note that larval Taenia
crassiceps survived for a maximum period
as they were subjected to enzymic digestion
before being cultured in vitro, and worms
grew in Eagle’s medium supplemented with
sodium taurocholate were longer than those
grew in the other mediums (Taylor, 1963).
It is assumed that in D. erinacei factors
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stimulating the first step of growth other
than bile may exist. But because the result
obtained from this experiment is not enough
to know the direct action,of bile that further
study must be undertaken before submitting
a decided conclusion.

Summary

The possible role of bile of dogs on the
growth of the plerocercoid and the adult
Diphyllobothrium erinacei was investigated.
A number of plerocercoids ingested in
bileless dogs were found to survive at
least for 3 days after ingestion. Develop-
ment of worms during these periods seemed
to correspond to that in an intact host.
It is noteworthy that plerocercoids could
organize the scoleces even in the bileless
environment. The further process of growth
might be arrested by the absence of bile
and no worms were recovered from dogs
sacrificed on the 6th day after ingestion.
Adult worms, previously established in the
dogs, could not maintain their egg produc-
tion for more than 5 days after biliary
obstruction. The worms seemed to die out
soon thereafter. It is concluded that bile
would be responsible for the development
of plerocercoids and for survival of adult
in the dog which is the final host of D.
erinacei.

The author’s sincere thanks are due to Prof.
Kzzuo Mori of this laboratory and Dr. Kenichi
Okamoto for their useful critisisms during the
course of this work. Great acknowledgement is
mzd2 to Dr. Jo Hiratsuka for his technical as-
sistance and advices.
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BB DV IBHERL, WEROREICL 185 BRE
iy, BN OADIEREZ R JIZL T 2588
%<, BERRERBEOEROO DL L TERINT
W5, FHEEORED D CITEFIEA S L TS
Z &, Hymenolepis diminuta (Goodchild, 1958),
Spirometra mansonoides (Berntzen & Mueller, 1964),
Taenia crassiceps (Taylor, 1963) (2 DW\WTHIHNT
WB, ZOEROARIL EZRAS hTuhisn. AE
Exl, ~v vV v ZgH%H (Diphyllobothrium erinacei)
plerocercoid MEE LHFHROEFIIN T 5, KEE
(4 2) OHOEE 2 RHST S ol fTnbhr:.

EE 1. RIEE © AL L, BEH 2SBEICHRAT
0O%MIEL724 X #EEBRIH L 72, T D4 XIZ plero-
cercoid ¥ EORKE L7225, HEKIIZDEXDOBE
NT, i &d IHMITAEFLR. ZTOMICEELR
EL. LhL, HEOREREE, FEROLATIIHHR

ICHA~T% » T\ 72, plerocercoid ##57% 6 HHD
A X0biE, B RHINR - 72,

EEk2. HH0 L, 4 XIZ plerocercoid # g I1H#:
5L, 204 X0FEBERICHIEHRETLIILIZE - T
BENERL I ERHERL2RT, Zo4 XOKIEE
%, BIOERRE FCEERYNT L7z, RN, #ik5 A
PAICA X OFE RN HMKLI. $72, ZORTA X%
L7z A, HifkE - 7 Bl o7z,

Ficbb, AFfio plerocercoid (1, [EIFAKREL
BEAN T, RBL 2 o7z, 2GR, BE
NOBEHAREST B EIX » T, BEYUAIZERT S
Z e Nbhotz. —7, plerocercoid DH B H D A3,
JEH2ZREELZBRET T, HABEREL S5 LT,
REHANDREE ¥ FERTHEH LU OBROIFE L BE R
LT\w5.
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